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Ectodermal dysplasia (ED) represents a heterogeneous group of genetic disorders characterized by the absence or
deformity in two or more of the ectodermal appendages. We have studied an autosomal recessive form of ED in 13
individuals over six generations from an inbred Pakistani family. The clinical features of the affected individuals
include highly dystrophic nails and thin hair on scalp, ﬁne eyebrows and eyelashes, and thin body hair. Genome-
wide linkage analysis of 390 microsatellite markers mapped the ED gene to the 3.92 cM interval ﬂanked by markers
D10S1710 and D10S1741 on chromosome 10q24.32–q25.1. Multipoint linkage analysis generated a maximum log-
arithm of odds ratio score of 4.79 in the interval D10S1239–D10S1264, which corresponds to 6.35 Mb.
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Ectodermal dysplasia (ED) represents a heterogeneous
group of genetic disorders characterized by the absence
or defect in two or more of the cardinal signs, hair, teeth,
nails, and sweat glands. More than 170 clinically and ge-
netically diverse forms of ED have been described thus far
(Priolo and Lagana, 2001); however, only a small number of
causative genes have been mapped or cloned.
Several different forms of recessively inherited ED
have been reported in a number of studies. Stevanovic
(1959) described a family with five patients over three
generations. The patients had hypotrichosis, short and
dystrophic nails with onycholysis, and plamoplantar kera-
toderma. Stevanovic (1959) suggested an autosomal re-
cessive mode of inheritance for this condition with in-
complete penetrance and variable expressivity. Podoswa-
Martinez et al (1973) described a condition clinically similar
to the one described by Stevanovic (1959) but claimed
an autosomal recessive mode of inheritance. Baughman
(1971) described seven patients with curly hair, hypoplastic
finger and toenails, ankyloblepharon with normal teeth, and
normal sweating, hearing, facies, psychomotor, and growth
development. He proposed an autosomal dominant mode
of inheritance but a better analysis of the family led Toriello
et al (1979) to postulate an autosomal recessive inheritance.
Suzuki et al (1998) described an autosomal recessive form
of ED with plamoplantar hyperkeratosis, onychodyspalsia,
triangular faces, anteverted pinnae, molar hypoplasia,
hypodontia, hypotrichosis, and extensive cutaneous syn-
dactyly.
About 30 ED have been explained at the molecular level
by the identification of the causative genes. Lamartine
(2003) has classified the ED genes into four major functional
subgroups: cell–cell communication and signaling, cell
adhesion, transcription regulation, and development.
Connexins constitute a large family of proteins involved in
intercellular communication by forming gap junctions. Two
members of this family have been found to be involved in
ED: the gap junction protein b-2 (GJB2, MIM 121011) gene
encoding Connexin-26 (Cx26) is mutated in palmoplantar
keratoderma with deafness (Heathcote et al, 2000) and
mutations in the gap junction protein b-6 (GJB6, MIM
604418) gene encoding Cx30 cause hidrotic ED (Clouston
syndrome or ED2, MIM 129500) (Lamartine et al, 2000).
Several genes encoding different members of the ecto-
dysplasin-A (EDA) pathways are also mutated in other ED.
Mutations in the DL gene encoding the EDA receptor cause
autosomal dominant and recessive ED (ED3, MIM 129490)
(Monreal et al, 1999). The poliovirus receptor gene (PVRL1,
MIM, 600644) is mutated in some forms of ED. It encodes
an immunoglobulin-related transmembrane cell–cell adhe-
sion molecule (nectin 1). Nonsense and frameshift muta-
tions in PVRL1 have been described in patients suffering
from the Margarita Island type of ED (ED4, MIM 225060)
(Suzuki et al, 2000).
Here, we describe a rare form of ED in 13 individuals
from a large kindred from the Punjab province in Pakistan.
Linkage studies led to the identification of a novel locus on
chromosome 10q24.32–q25.1.1These authors contributed equally to this work.
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Results and Discussion
After linkage to the candidate genes was excluded, we
embarked on a genome-wide search to identify the disease
locus. Evidence suggestive of genetic linkage was obtained
initially with D10S1268 on chromosome 10q24. Further
analysis with markers from this region resulted in the iden-
tification of homozygosity, in affected individuals, for mark-
ers D10S1239, D10S1267, D10S1264, and D10S254. Using
the MLINK package, a two-point logarithm of odds ratio
(LOD) score of 2.97 at y¼0.00 recombination was obtained
for marker D10S1267 (Table I). Multipoint point analysis,
performed using Genehunter, supported linkage to this re-
gion with the maximum LOD score exceeding 4.5 in the
interval D10S1239–D10S1264 (Fig 1). The 1 LOD support
interval for the ED locus is flanked by markers D10S1710
and D10S1741 (Fig 2). This interval is 3.92 cM according to
the deCODE genetic map. According to the sequence-
based physical map (Karolchik et al, 2003), the region of
homozygosity is 6.35 Mb.
The candidate region of homozygosity identified in the
family contains more than 100 genes and expressed se-
quence tags. Some of the well-characterized genes located
in this region have diverse functions to play. Fibroblast
growth factor 8 (FGF8, MIM 600483) is involved in gas-
trulation, regionalization of the brain, and organogenesis of
the limb and face as an embryonic epithelial factor (Moon
and Capecchi, 2000; Fukuchi-Shimogori and Grove, 2003).
The split-hand foot malformation (SHFM3, MIM 608071)
gene belongs to the F-box/WD40 gene family, which en-
codes adaptors that target specific proteins for destruction
by presenting them to the ubiquitination machinery (Sidow
et al, 1999). de Mollerat et al (2003) identified a 0.5 Mb
tandem genomic duplication, at 10q24, containing the
SHFM3 gene, as well as LBX1 (MIM 604255) and b-TRCP
(MIM 603482) in the patients presenting the clinical pheno-
types of split hand foot malformation syndrome, which in-
cludes ectrodactyly, split hand, split foot, monodactyly, and
lobster-claw deformity. Cyclin M2 (CNNM2, MIM 607803),
mutated in urofacial syndrome (MIM 236730) characterized
by crying facial expression when laughing, hydronephrosis,
hydroureter, urethral obstruction, cryptorchidism, enuresis,
urinary tract infection, and mild neuropathic bladder. Po-
lymerase DNA l (POLL, MIM 606343) participate in both
replications of the genome and DNA repair processes
(Aoufouchi et al, 2000). The multisubunit TFIID is the DNA-
binding component of the transcriptional machinery of RNA
polymerase II. TFIID is composed of TATA box-binding pro-
tein (TBP, MIM 600075) and TBP-associated factors, or TAF
(MIM 313650). Suppressor of Fused Drosophila homolog
(SUFU, MIM 607035) encodes a component of the sonic
hedgehog (SHH, MIM 600725)/patched (PTCH, MIM
601309) signaling pathway. Stone et al (1999) demonstrat-
ed that SUFU is a direct negative regulator of Glioma-as-
sociated oncogene homolog (GLI, MIM 165220) and that
this regulation may occur at multiple levels, possibly de-
pending on the relative intracellular concentrations of
different signaling components. Pleckstrin-Sec7 domain
protein (PSD, MIM 602327) gene may encode a protein
related to the protein family containing both the Sec7 in
the PH domains and thought to be involved in signaling
Table I. Two-point logarithm of odds ratio score results between the ectodermal dysplasia locus and chromosome 10 markers.
The markers D10S1710 and D10S1741 that ﬂank the ED locus are shown in bold.
Marker deCODE map postiona Physical map positionb
Recombination fraction
0.0 0.01 0.05 0.1 0.2 0.3
D10S1265 120.96 102317955 1 0.49 1.01 1.07 0.9 0.59
D10S1710 121.07 102438940 1 1.41 0.31 0.79 0.88 0.6
D10S1239 121.81 102860822 2.55 2.49 2.29 2.03 1.5 0.96
D10S1267 122.32 104043199 2.97 2.91 2.68 2.38 1.78 1.16
D10S1268 122.82 105225853 1.25 1.22 1.09 0.94 0.64 0.36
D10S1264 123.53 106450142 2.54 2.49 2.28 2.03 1.5 0.96
D10S254 124.24 107613207 1.34 1.31 1.19 1.05 0.76 0.48
D10S1741 125.34 108792878 1 0.54 0.56 0.85 0.85 0.62
D10S543 127.43 111503598 1 3.84 1.33 0.49 0.02 0.09
D10S1760 128.63 113374597 1 0.35 0.211 0.35 0.32 0.2
aSex-average Kosambi cM map position from the deCODE genetic map (Kong et al, 2002).
bSequence-based physical map distance in bases according to the Human Genome Project, Santa Cruz (Karolchik et al, 2003).
Figure 1
Multipoint linkage analysis of ectodermal dysplasia locus on 10q
24.32–q25.1 using Genehunter. Markers used are shown in Table I.
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transduction processes (Perletti et al, 1997). Paired-like
homeodomain transcription factor 3 (PITX3, MIM 602669)
gene is the human homolog of the mouse Pitx3 gene and is
a member of the RIEG/PITX homeobox gene family. A
number of mutations have been identified in patients with
eye anomalies, anterior segment mesenchymal dysgenesis
(ASMD, MIM 107250), and cataracts (MIM 602669). Colla-
gen, type XVII, a-1 (COL17A1, MIM 113811) is a type II
transmembrane protein that is a structural component of
hemidesmosomes, multiprotein complexes that mediate the
adhesion of epidermal keratinocytes to the underlying
basement membrane (Diaz et al, 1990). Mutations have
been identified in COL17A1 gene in patients with general-
ized atrophic benign epidermolysis bullosa (GABEB, MIM
226650) (McGrath et al, 1995) diagnosed by in utero blis-
tering of skin, severe dental caries, septicemia, dehydration,
and respiratory failure. The clinical picture of the GABEB
patients differs from those observed in our family. Currently,
none of the genes mapped in the ED linkage interval iden-
tified here appear to be obvious candidate.
A defect in epithelial–mesenchymal interaction seems to
be one of the most important mechanisms in pathogenesis
of ED as reviewed by Priolo and Lagana (2001). This altered
interaction is observed when some regulators of transcrip-
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Pedigree structure of the family with ectodermal dysplasia. Filled symbols represent affected subjects. Clear symbols represent unaffected
individuals. The disease-associated haplotype is shown in the box beneath each symbol.
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tion or expression of genes with functions in signaling be-
tween ectoderm and mesenchyme like EDA-A1 and DL
(Headon and Overbeek, 1999; Monreal et al, 1999), and p63
and DLX3 (Celli et al, 1999; van Bokhoven et al, 2000) are
mutated. Identification of more genes involved in the patho-
genesis of ED may identify additional regulating factors,
which may be essential for signaling pathways between the
ectoderm and mesenchyme.
Materials and Methods
Family history A large six-generation Pakistani kindred was in-
vestigated, in which eight males and five females were affected
with a novel form of ED. Prior to the start of the study, approval was
obtained from the Quaid-I-Azam University Institutional Review
Board (IRB), which assures that all of its activities related to human
subject research are guided by the ethical principles presented in
the Declaration of Helsinki and the Belmont Report. Informed con-
sent was obtained from all family members who participated in the
study. The family members rarely marry outside the community,
and consequently consanguineous unions are common. An ex-
tensive pedigree of the kindred (Fig 2) was constructed by inter-
viewing the elders of the family. The pedigree provided convincing
evidence of an autosomal recessive mode of inheritance, and
consanguineous loops accounted for all the affected persons be-
ing homozygous for the disease allele.
All of the affected individuals underwent examination at De-
partment of Dermatology, Pakistan Institute of Medical Sciences,
Islamabad. The affected individuals had thin scalp hair (Fig 3a), fine
eyebrows and eyelashes, and thin body hair. Nail alteration were
mostly present since birth in all digits and soon reached an indi-
vidually variable degree of severity. The fingernails exhibited mi-
cronychia, resulting in dystrophic appearance, and toenails were
completely absent (anonychia) in all the affected subjects (Fig 3b).
Patients showed no alteration of dentition, no malfunction of sweat
glands, and no skeletal abnormalities. The patients were in good
general health, sweated normally, and were of normal intelligence.
Ichthyosis, oral leucokeratosis, dental anomalies, palmoplantar
keratoderma, flexure pigmentations, and skeletal abnormalities
were absent.
DNA extraction and genotyping Venous blood samples, 10–15
mL, were collected from 18 members of the family, and high-mo-
lecular-weight DNA was extracted from leukocytes following the
standard method as described by Sambrook et al (1989). The
family was tested first for linkages by using microsatellite markers
tightly linked to six loci associated with other forms of hair loss, nail
dystrophy, and ED. This included type one keratin genes at 17q12–
q21; type 2 keratin genes at 12q13; ED2 at 13q12.11; ED3 at 2q11–
q13; ED4 at 11q23.3; and isolated congenital nail dysplasia at
17p13.
After exclusion of linkage to the known loci, a genomewide scan
was performed using 390 markers of ABI Prism Linkage Mapping
Set MD-10 v 2.5 (PE Biosystems, Foster City, California), with a
mean inter-marker spacing of 10 cM, located on the 22 autosomes
and sex chromosomes. PCR amplification of the marker was
carried out according to the manufacturer’s specifications. PCR
products were loaded on an ABI 3700 automated sequencer (PE
Biosystems). Data were analyzed by means of ABI Genescan 3.1
and ABI Genotyper 2.1 software. Fine mapping of the region on
chromosome 10 was carried out using markers selected from de-
CODE genetic map (Kong et al, 2002).
Linkage analysis Pair-wise linkage analysis was carried out using
MLINK of the FASTLINK computer package with inbreeding loops
broken (Cottingham et al, 1993). Parametric multipoint linkage
analysis was calculated using GENEHUNTER v 2.1-r4 without the
need for inbreeding loops to be broken (Kruglyak et al, 1996). For
the analysis an autosomal recessive mode of inheritance with
complete penetrance and a disease allele frequency of 0.001 was
assumed. The marker allele frequencies were estimated from the
data by means of both observed and reconstructed genotypes of
founders from the pedigree. The order of the markers and their
map distances were obtained from the deCODE genetic map
(Kong et al, 2002).
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